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ABSTRACT
The energy dependence of the Deck~-type model is discussed and shown to be
in good agreement with data on the low mass nucleon diffractive dissociation.
On the basis of finite mass sum rules relations between triple Regge couplings
and different Regge contributions to elastic and Deck amplitudes are obtained
and duality for Reggeon-nucleon scattering amplitudes is examined. The
normal two-component duality usually assumed for nondiffractive terms is

found to be in contradiction with experimental data.
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I. INTRODUCTION

Recent measurements of the low mass nucleon diffractive dissociation
display the following picture. 1 The most prominent feature of the missing-
mass spectrum at small [t ! is a broad enhancement with maximum at Mx ~1.4
GeV., The main contribution to this bump comes from one-pion production
channel. On the top of the bump some narrow resonance peaks are super-
imposed. The integral contribution of these resonance peaks in the low-mass
region (sz < 3 GeV) is much smaller than the contribution of the bump. This

+
is clearly seen in Fig. 1 showing recent ISR results for reaction pp -» 7 np.

The cross section in the bump region has very steep t-dependence and dies
away quickly as -|t ‘ grows., As a result at ‘!t I 2 0.2 G‘reV2 the resonance con-
tributions become comparable with bump contribution.

In our previous paper3 we discussed the relevance of the peripheral
Drell-Hiida-Deck (DHD)-type model4 to the nucleon excitation in the region of
1.4 GeV bump. Taking into account absorptive corrections this model was
shown to give a reasonable explanation for the main properties of the low
mass diffractive dissociation,

In the present paper we shall use this model to obtain some information
on high mass nucleon dissociation. One of the possible ways to do so is to
assume that the DHD-type diagram retains its importance at high Mx' Then
the sum of these diagrams will lead to a pion-triangle model for triple Regge
couplings (Fig. 2). However it is hard to believe that DHD~type contributions
would be only important at high MX. Many other contributions may enter the

play so we do not expect qualitatively correct results in this approach. The
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other way is to use DHD model only in the region where it is known to be
important, i.e., at low MX, and connect it with high~-mass region by finite
mass sum rules (FMSR). > The reason for using the model for low mass
inelastic scattering rather than the experimental data itself is the following.
In order to obtain information on different triple Regge couplings we need to
know the contributions of the corresponding Regge exchanges into the low
mass inelastic scattering and DHD model predicts it in terms of the pre-
sumably known Regge contributions to rN-scattering amplitude. If we want
to extract such information directly from the data on inelastic scattering, we
need anyhow some model. Moreover it gives predictions even at such values
of t where experimental data are still not available, in particular att - 0
which is important for understanding of the small-t behavior of triple Regge
couplings. In what follows we shall assume:

(1) Semilocal duality. It means that the FMSR should be valid for

2 2
low cutoff which we choose at Mx = 3 GeV ,

(i) The whole 1.4 GeV bump will be described by DHD~type model for
one-pion production. Two-pion channel can also be easily accommodated in
our scheme by An-production. Estimation for Arn gives, however, relatively
small (g 15%) contribution which we shall neglect,

(iii) Guided by experimental daﬁcr:m2 we shall also neglect resonance
contributions intc sum rule integrals.

The last two approximations are reasonable only at small !t ’ where

1.4 GeV bump dominates inelastic cross section. So in what follows we shall
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restrict our consideration to a small lt [ region lt | =01 GeVZ. Then the
only terms which contribute to the low-mass integral are the elastic term

(which is equivalent to resonance contribution into ordinary FESR) and the
DHD-contribution {(equivalent of nonresonant background).

In Section II we generalize our previous result for DID cross section and
take into account in a very simple way nondiffractive parts of the DHD
amplitude connected with contributions of secondary trajectories into elastic
aN scattering. Predicted energy dependence of the 1.4 GeV bump is shown to be
in good agreement with experimental data. Then in Section IIT we obtain
equations connecting diffractive and nondiffractive contributions into low-

and high~mass regions of the form:

i=3=P
<E(i, )> +<D(i,§)> = <{i, P +(i,j,R)>{i:P, i=R (1)
i=j=R

shown graphically in Fig, 3. Here < E(i, j)> and <D(i, j)» are integrals over
Mx of elastic and DHD terms, corresponding to exchange of o and aj, while

(i, j, k) corresponds to triple Regge coupling Gi, ik P is the Pomeron and

R is secondary trajectory. These equations can be useful in reducing of the

6 unknown triple Regge terms to only 3. Further information could be

obtained if one can separate somehow (i, j, P) and (i, j, R) terms in Eq. (1).

For usual two-body hadronic reactions such separation based on Harari-Freund
two-component duality? is known to work very nicely. It connects the
resonance contributions to the FESR with ordinary Regge trajectories, while
background with Pomeron, However this "'normal" two-component duality

cannot be generalized to multibody amplitudes in a straightforward model
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independent way. 8 It is commonly believed that for non-Pomeron exchanges,
i.e., for amplitudes R + h (hadron) = h+ R and R + h =~ P + h normal two-
component duality works. K For Pomeron-particle amplitudes some argu-
ments were given in favor of "abnormal'' duality where resonances in the
direct channel build up the Pomeron in the cross channel, 9 Here we shall
use the name ""abnormal' for the extreme case when the whole resonance
contribution is connected with P whereas nonresonant part builds up R. We
shall distinguish it from the weaker form which we call "mixed" duality. In
this case resonance and background contribute partly to P and R. It is worth
i{o note that the secondary vacuum trajectory % can also share with- Pomeron
its "abnormal' properties. 1 -

In Section IV these extreme types of duality are examined. Triple
Regge couplings obtained from separated equations [Eq. (1)} are compared with

experimental data on proton diffractive dissociation.

II. ENERGY DEPENDENCE OF THE LOW MISSING MASS CROSS SECTION
According to our assumptions we shall describe the inclusive cross
section for reaction pp - Xp in the region of the 1.4 GeV bump by DHD-type
diagrams of Fig. 4. It has been shown in Ref. 3 that at small [t | the
absorptive corrections can be effectively taken into account by phenomeno-
logical form factors. Then the inclusive cross section can be expressed in
terms of wN elastic scattering amplitude TTTN in a form similar to the

traditional DHD model:

4 +1 2 2 2
~do V. j d cos ej' aé ®(s,1,4,0, MHIT_(t, 5] . (2)
dtdM 4

N—-=7wNN

0
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Here 0 and ¢ are polar and azimuthal angles of the incoming nucleon three-
momentum in the ¢. m. of the produced » + N system and & contains kine-
matical factors, form factors, and the v~ﬁeson propagator. In the high-
energy limit, considered in Ref. 3, we took into account only diffractive

( Pomeron) contributions and the «N scattering amplitude was approximated by

b Nt
energy independent form T"r zio, (7N)e " .

N tot If subenergy Sy of the wN

scattering is small, secondary trajectories are also important, and we have:

T(np—>mp) =P +fxp (3)
T (r°p = n'p) = P +1, (4)
where
afP(t)—i
P = Bo(t) Xp(1) s,
af(t)—i
£=B(1) X (1) 5, (5)
o (t)-1
p = ﬁp(t) Xp(t) Sy

o:i(t) and Bi(t) are trajectories and residues of Regge poles and Xi( t) is a
signature factor

-i 'rmei
1+ re
i

X.A(t) =———
i =sinme,

In what follows we choose ap(t) = o (t) = o.fw(t) =1/2 + aR't. The p contribution
+ -
which is responsible for the difference between v -, m -, and Tl‘o ~N scattering
+
is known to be relatively small. It can be estimated from the data on 7 p

total cross sections:



.

- - ~ -1/2
o, —Im(P+f:!:p)t:0—Zi.3 +{20.35 + 4,55) Sy . (6)

™ p

Neglecting the p contribution we have T 4 T o and together with relations

2 2 T TP
(2}=(5) and G P 2 G o it gives
T np T PP
do 5 ~ 3 do > ) (7)
dtdM dtdM
X X o
PP - Xp PP =~ ™ pp
near 1.4 GeV
where
+1 2 b _.t
( do ~\ - f d cos 0 f dé (s, t, 9,,¢,Mx2)e N O'tjt('rrN)
\dth
X Ie) "'1. (o)
pPp—T pPp
2 20 (t)-2
Botx (1) s Pl
P P 1
. _ 5 Q‘P( 1) +czR( 1)-2
+ 2 BB (tRe [ XL (DX (1] 5, +
2 2a(t)-2
2 R
i
+ B wx, 0] s, (8)
and
B.(t) b _t
- ~ i TN
B.(ty = P e . (9)

The subenergy s, is connected with total energy s by the following relation:

54 = A(s) + B(s) cos 6 + C(s) sin 6 cos ¢, (10)

3
where A, B, and C are known functions of s and Mx' Thus the Egs. (8) and

(10) determine the energy-dependence of the proton excitation cross section
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in the region of 1.4 GeV bump. In the simple energy independent approxi-

3
mation for TTT we were able to calculate integral (8) analytically. In the

N
general case the integral can be calculated only numerically. However, we
can avoid this complication using a simple approximation for Eq. (10}. At

the threshold Mx = M+ p Ed. (10) reduces to

N

51=S/X, x=(MN+p)/p~7.7 (11)

and we shall use this simple relation in the whole low-mass interval
M < 1.7 GeV.
X
One can see from Eq. (11) that even at Fermilab energies Sy is
relatively small leading to the importance of the nondiffractive contributions
in the DHD cross section.

Using Egq. (41), Eq. (8) can be rewritten as

_dc_f_z - ﬂ_z. F(s, 1) (12)
atdM dtdM
X X
Pp—~Xp 0
where
2a(t)-2 a(t) + a (t)-2 2a(t) =2
F(s,t) = Dpy(t) s P + Dp(t) s P R +Dpp(t)s R s
and
2-2o (1) 2
P a2
Dpp = (M) Bp (0 Xp(tl
2mag(tap(t) x
Dpp = (V) Boit) By (1) Re [X'(1) Xp(v)] (14)
2-2a_(1) 2
_ R 52
Dpp = V) B (1] X (1)
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Let us now compare these formulae with experimental data. We can fix the
parameters ER and BR from the data on 7N scattering. Parametrizing

residue functions by usual exponential expression

bt
B =B (o) e’

we take for simplicity b, =b, =b © and choose the value 6 GeV_z for bﬂla' 12

P "R wN
From {5) and (6) EP(O) ~0.89 and SR(O)z 0.85. At small [t I the function
F{s,t) can be approximated by the following form:

(0.5 Mns-4)t -5.5t+£ns(-0.5+1.251:)+

F(s,t}=0,79 e + 4.2 e

7.1t +(2t-1)ns

+41.1(1~-nt) e (15)

Multiplying it by the cross section {do*/dthXZ)o from Ref. 3, one can find
(dcr/dthXZ )ppw-Xp at different s values. In Fig. 5 we show the comparison
of the calculation for t = -0.04 and MX = 1.4 with experimental data. 14 The
agreement is good and confirms the validity of the model.

In the next section we shall also need the expression for pp elastic

cross section in terms of Regge contributions. Neglecting p and AZ which

are known to couple weakly to NN we have

T =P+f+ow. (16)
PP

Assuming exchange degeneracy for f and w one can write it as

2
o.fP(t)—i ZYR (t) afR(t)-i

2

where \(.l(t)- is vertex function for ppi coupling.



Then
, -2 + tY-2 P -
(d_cr) . E;Za'P(‘t) . safP(t) afR(t) . ] aR(‘t) 2 18
 dt 1 PP PR RR '
where
2
1 4
Epp " 167 Yp (M lXP(t)I
4
. 1 4YR (t)
RR ~ 16m sin m (t)
“R
2 2
1 4 Ve (t) YR (t)
EPR * Tom Re XP(t) (19)

sin « Q‘R(t)

are contributions of PP, RR, and the cross term.

From the experimental data on pp and pp total cross sections one can

11
find" ~ the following values of parameters

2 2
Yp (o) = 37.4 mb, YR (o) = 30.6 mb, {(20)
We parametrize
$b.(t)
t) = 0 1 and chooseb_ =b_ =b
v, {ty =v, (0)e p - Pr " Py’
-2 13

with bO =8.3 GeV

III. SUM RULES
2 2 2 .
At large M~ >> My and s/MX >> 1, the cross section for

inclusive process a + b - ¢ + X can be expressed in terms of iriple Regge

contributions:
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o (t)+a (t) -2 a (0} -a.(t) ~a ()
d 27k
- G s 1) R (21)
dtdM J
ijk
=y, (D)X ()X, (B g, (£)ImX (0 0),
where Gijk(t) Yam(twaq( ) XA )XJ( )guk( MmX )Ybbk( )
and gi]_k(t) is the triple Regge coupling.
In the special case of pp - Xp under consideration witha =b =c =p
possible exchanges include P, f, w, p, ‘A‘Z and m Regge poles which are known

to couple to NN. Let us look at these terms in more detail. Isospin and G-
parity reduce the number of possible iriple couplings

(i) In the PPR and PRP only PPf and P{P are permitted.

(ii) In RRP only ffP, wwP, mr-P, ppP, AZAZP and AZ‘ITP are possible.

If we neglect also p and A_ weakly coupled with NN, then

2
RRP = ffP, wwP, and moP

and PRR = Pff, {Pf, Puow, wPw.

The term Pun vanishes due to spin-parity and the condition that 1 = 0 at the

k-leg in the triple Regge diagram.

(i1ii) For RRR neglecting p and A, we have due to isospin and G-

2
selection only RRR = fff, wwf, and nwf terms.
Again frw and wir are eliminated by spin-parity and fow + wfw by exchange
degeneracy of « and f trajectories.

One could go further and assume degeneracy of the all triple
couplings involving « and f trajectories; however, this strong form of the
exchange degeneracy which leads to cancellation of all off-diagonal terms

5 )
is wrong in general1 because w PP and PuwP terms which are partners of {PP

and PfP vanish by G-parity. The other, weaker form of exchange degeneracy
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has been suggested in Ref. 16 for only terms with k # P. Then the term
PRR = Pff + fPf + Pww + wPw must vanish and the other w couplings can be

expressed in terms of the f coupling

; + (3 = Iy {t}T oY) (Q\
ffP wwP  ‘tlacf ’

2 4
Geee ™ Gt ™ Moo Yypel0) gepet) —3

w
. lj
R(

The arguments for this "weak" form of exchange degeneracy are based
on the assumption of the normal two-component duality for nondiffractive
terms of Eq. (21). However, as we shall see in the next section, application
of our model to pp -~ Xp rules out the normal duality for nondiffractive terms.

Thus we are left with all 6 unknown functions Gi' entering the expression

jk
(21) plus two w-meson terms which we shall congider separately.

The high and low Mx behavior of inclusive cross section can be con-

nected by finite mass sum rules.

i
0 n do n+t do
d b—-cX)+ (-1 — =
f v {m‘a ST gz T
0 ai(€5+aj(t) -2 @ (0)+n+d Tayt) o (D

8 Yo
=/ CGipdY a0+ 0+ 1 -alt) - all) ' )
1 J
17k
where v =1VI2 - M ’ -t
® N

We shall use the first moment (n =1) sum rules and saturate the low -
energy integral with elastic and DHD -contributions, considered in the pre-
vious section. Then, in accordance with their s-dependence, the contributions
into low - and high-mass parts of the sum rules can be separated into three

relations, shown graphically in Fig. 3:
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aR(O) + 2 -ZQP(t)

ocP(O)+ Z—Z’.ozP(t) )

v

0 0
<E__ > +<D__> =G + G
PP PP PPP a,(0)+ 2 2a,(t) PPR ap(0)+2 - 2ap(t)
0)+ 2~ - 0)+2 - -
ap(0) aplt) aplt) apt0) ap(t) -ap(t)
"0 Yo

<E__ > +<D_.> =G + G —

PR PR PRP ap(0) + 2 - ap(t) - aplt) PRR ag (0} +2 = ap(t) - ap(t)

aR(O)+ 2 - ZaR(t)

v
0 . (24)

0
<E _>+<D__> =G + G
RR RR RRP aP(0)+ 2 ZQR('[',) RRER aR(O) + 2 - ZQ’R(t)

cxP(O)-l- 2 - ZCL’R('t)

v

In principal one can write down the sum rules also for w-meson contributions
but the closeness of the pion pole to the physical region permits us to estimate

its contribution directly in terms of wN fotal cross section:

2
. 2 b (t-p)
.1 "aNp i (-t)e
GTFTTi(t) T 4q 4 “tot (mp) 2.2 ? (25)
{(t -pn°)
. P R . . . .
where i =P and R and Tiot and Tyt are diffractive and nondiffractive con-
tributions into total #N cross section (6) and exp [bw(t - k)] is an off-shell
form -factor.
The contributions of the elastic and the DHD amplitudes into low mass
integral can be obtained using the result of Section III:
<E,> = tE._, (26)
1] 1)
and <D..> =D.. Q(t), (27)
1] 1]
v
where 3 0 de
QY= vdy| —3 (28)
dthX

“th 0

Using the results of Ref. 3 this last integral was calculated. At small

5.3 . .
] it can be approximated as Q(t) = 9 ' Thus expression(24) gives usthree
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equations which can be used to reduce the total number of 6 unknown triple

Regge couplings to 3.

IV. ESTIMATION OF THE TRIPLE REGGE COUPLINGS
In this section we shall discuss some applications of the Egs. (24). We
shall examine cases of normal and abnormal duality for diffractive and non-
diffractive terms and estimate triple Regge couplings for these cases.
Let us start from the two last equations (24) for nondiffractive terms.
In the case of normal two-component duality we can split these equations and

obtain the following expressions for nondiffractive triple couplings:

1 - (al':’ + ozh)‘t
GPRR(t) =T1 - (af +af 3t <EPR> (29a)
P "R
v
0
1.5 ~ (af'P + a'R)t
e < >
Gprp' “ T35 (ot a0t PR (290)
P %R
v
0
1.5 - Za'Rt
S e ——————— >
Grrr'Y = 13 I “Epp (29¢)
Yo
. . - 21 - a'tpt) .
RRP 3 ool { RR
Yo

At small !t‘ G (t) is very small and negligible, The other triple couplings

PRR

are shown in Fig. 6. In the case of abnormal duality the expressions for

Gijk will be the same, but with Eij and Dij interchanged. In this case GPRP(t)
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is negligible and the others are shown in Fig. 6 by dashed lines. We want to
stress that in both cases the cross terms are very large.

Let us consider now diffractive terms. In the previous calculatt:'tons19
based on the simple version of this approach, all nondiffractive terms were
neglected. Guided by an approximate IVIX—2 dependence of the experimental
pd - Xd cross section, it was also suggested that the GPPR is small and

negligible. Then the steep t-dependence of the DHD contribution combinesin(24)

with vanishing att - 0 <E
2,2t 19

PP(t)> and leads to & moderate t-dependence for

G (t) ~ 4, 3e

PPP In the present case when secondary contributions are

taken into account the relative value of the DHD term decreases and as a
result GPPP(t) becomes more flat (see curve 1 in Fig. 7). The other cases
shown in Fig. 7 are the following:

(2) normal duality:

1 - 2a' t
“p

G (t} = 1 Ta 1 <DPP>
P

PPP

(30)

(3) abnormal duality [interchange of Eij and Dij in (30)].
(4) ag an example we also show some particular case of mixed

duality:

N

G

PPP

< >+ < >
€4 EPP €2 Dpp

GPP’R

(1-61)<E >+(i-€2)<D >,

PP PP

with 61 = 0.5 and 62, =1,
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Now we are ready for comparison with data. We shall restrict this
comparison by special case of t — 06 where the relations are especially
simple. Even this restricted consideration will show us that extreme duality
does not lead to agreement with data in the wide range of MXZ/S from 0.01 to
0.1. For comparison we shall use the ex’cra'q:)olaticm22 to t = 0 of the data on
pd — ngb and pp - Xp. 15 This extrapolation introduces some uncertainty
due to the experimental variation of the slope but we do not expect the effect
to be large. The other problem is connected with difference in targets and
includes:

(a) Deuteron structure. We shall use the reduction of the deuteron data
to the nucleon cross section by dividing out the deuteron form factor as was
done in Ref. 9b.

(b) Different quantum numbers and consequently different exchanges.
Since p and AZ contributions are small, the main difference comes from w-
exchange. In fact, 7 does not contribute at t = 0, but the cross section at
t #+ 0 used in the extrapolation (Ref. 22) has the m contribution. The
estimation of this effect is shown in Fig, 8. Crossed points are the result of
the extrapolation from t = -0.2 GeV2 of the nucleon cross section from which
7wP and wwR terms25 were subiracted.

Curve 1 in Fig. 8 shows the contribution of the nondiffractive terms in
the normal case. One can see that this contribution is very large. Since the
rest (diffractive) contributions are non negative, we can conclude that this
case is positively ruled out. At the same time nondiffractive contributions

-2
in the abnormal case are relatively small and vary between 0.6 mb . GeV
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at MXZIS = 0.0t and 1.4 mb - GeV_2 for M:/s = 0.1. Diffractive contributions
in a normal case in combination with abnormal nondiffractive terms are
shown by curve 2 which is close to the experimental points but too flat, At
the same time the abnormal diffractive term is in apparent disagreement with
data {curve 3).

We can give up the normal duality for the cross nondiffractive terms,
connected with R + N -~ P + N scattering, maintaining it for R+ N - R + N.
The nondiffractive contributions in this case are shown by curve 1 in Fig. 9,
and the whole cross section for abnormal and normal diffractive terms--by
curves 2 and 3 correspondingly. Both these curves are in disagreement with
data, although curve 3 is closer.

Figure 10 shows the comparison with data for the case of normal cross
terms ij = RP and abnormal ij = RR. Abnormal diffractive terms lead to
curve 2 which is close to data while normal disagrees (curve 3),

All the cases are summarized in Table I, where ‘norm'" and "Ab"
mean normal and abnormal two- component duality. A plus in the last
column indicates closeness of the predicted results to the data, while a minus

shows apparent disagreement,

Table I.

RR PR PP

Norm Norm Norm -
Fig. 8 Norm Norm Ab -

Ab Ab Norm +
Ab Ab Ab -
| Fig. 9 Nerm  Ab Norm +
Norm Ab Ab -

. Ab Norm Norm -
L 16 ; .
' Fie Ab Norm  Ab +
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Even for those cases where curves are close to the experimental points they
still do not give good description for the whole sz/s-interval consgidered.
Thus we can conclude that extreme two-component duality for diffractive and
nondiffractive terms is in contradiction with our model and experimental data
on nucleon dissociation and mixed duality is needed at least for one or two
Reggeon-particle amplitudes: Ph -~ Ph, Ph - RH, Rh -~ Rh. The proper
ratio of different contributions in this case can be obtained by using Eq. (24)
together with fit of the data which will be done elsewhere. [Note that in con-
trast to the usual way of using FMSR in a fit program23 Edg. (24) gives more
detailed constraints on triple Regge terms. ]

The other important conclusion is that irrespectively of diffractive
terms normal duality is ruled out for the whole nondiffractive contribution
although it is possible separately for RP or RR terms.

The vanishing of the triple Pomeron coupling G at t - 0 is possible

PPP
in our approach only in the case of extreme abnormal duality for Pp-—- Pp

amplitude which seems to be unfavorable from our analysis.
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FIGURE CAPTIONS

Fig. 1. The mass spectrum for the mr+ system. 2 The resonance peaks
are clearly seen in the backward Jackson hemisphere. The area
under these peaks is much smaller than the sum of areas of non-
resonant bumps in the forward and backward Jackson hemispheres.

Fig. 2. The pion-triangle model for triple Regge coupling.

Fig. 3. Graphical representation of the sum rules.

Fig. 4. Drell-Hiida-Deck-type diagrams for pp -» mNp.

Fig. 5. Energy dependence of the 1.4 GeV bump in the proton dissociation.

Fig. 6. Nondiffractive triple Regge couplings.

Fig. 7. Diffractive triple Regge couplings.

Fig. 8. Comparison with experiment. 1- normal nondiffractive contributions.
2 - abnormal nondiffractive + normal diffractive. 3- abnormal
nondiffractive + abnormal diffractive.

Fig. 9. Comparison with experiment. 1 - nondiffractive contributions,
RR-normal, PR-abnormal. 2= (1) + abnormal diffractive.

3- (1) + normal diffractive.

Fig. 10, Comparison with experiment. 1- nondiffractive contributions

PR-normal, RR-abnormal. 2- (1) + abnormal diffractive.

3~ (1) + normal diffractive.
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